Abstract. Although the relationship between lexical coverage and L2 reading comprehension has been well documented, it is far from the case for L2 listening. This study has investigated the relationship between unknown words density (UWD) and listening comprehension among Chinese English learners. It shows that listening comprehension is negatively correlated with UWD in the listening texts. Furthermore, UWD threshold is approximately 3 percent for the adequate listening comprehension. The result will help college English teachers to choose more targeted listening materials and encourage students to improve listening efficiency.
Introduction
The term "unknown words density (UWD) " or "unknown vocabulary density", firstly used in Liu & Nation's study [1] to discover factors affecting vocabulary guessing in context, has contrary meaning of "lexical coverage" [2] . Up to now, there have been many researches in the relationship between L2 reading comprehension and the density of unknown words both at home and abroad. Laufer [3] suggested that no more than 5 percent unknown words allowed adequate L2 reading comprehension. Hu and Nation [4] suggested that readers needed lexical coverage of 98 per cent in a fictional text to achieve successful comprehension. Domestically, Jin-ba [5] revisited this issue among advanced L2 learners (English majors in universities) and revealed that readers' reading comprehension would decrease when the density of unknown words increased with a 2 percent threshold. The UWD threshold is the maximum percentage of unknown words in texts that allows "adequate comprehension (approximately 80% correct)". Laufer & Ravenhorst-Kalovski [6] proposed that The UWD threshold (opposite to lexical threshold) could be set 0 percent to 5 percent for L2 learners on reading comprehension.
In contrast fewer researches have delved into the relation between UWD and the listening comprehension among L2 learners due to the fact that listening is a more complicated cognitive process in which listeners utilize lexical knowledge like phonetic, semantic and syntactic rules to decode, sort out, and process listening contents to get across the meaning of listening texts. It is likely that the 98 per cent lexical coverage or 2 per cent UWD in reading research [4, 5] may not necessarily be the most appropriate for spoken discourses. Bonk [7] was the first to address the issue of lexical coverage in relation to L2 listening comprehension in which learners with lexical coverage scores below 90 per cent showed poor comprehension and those with lexical coverage scores above 95 per cent showed good comprehension. However no lexical threshold was found in his study as there was so much variation in comprehension scores. Staehr [8] found that both size and depth correlated significantly with listening comprehension without direct exploration into the relationship between lexical coverage and listening comprehension. Zeeland & Schmitt [9] found that 90 per cent coverage could lead to successful comprehension by both L1 and L2 listeners but without any expectable and significant distinction between two groups due to the possibility that all the participants were high-proficiency English speakers. Therefore, this study is intended to further investigate the influence of UWD on listening comprehension as well as UWD threshold in Chinese 
Research Methodology

Subjects
Sixty non-English majors from a key university in West China took part in our study, all of whom had passed the Band Four College English Test (CET-4), organized by Chinese Ministry of Education, a compulsory English proficiency test with high validity for College English. Accordingly, our participants could be referred to as intermediate L2 learners whose proficiencies are quite different from those of Jin-ba [5] or Staehr [8] .
Instruments
Several instruments were employed in this research, including a test paper of College English Test (CET-4), a vocabulary size test on online application Shanbay [10] and a listening test adapted from five passages from CET-4 of June 2016.
Vocabulary Size Tests on the Mobile Application Shanbay
Shanbay is a comprehensive and efficient online platform designed by a group of experts in testing for improving English proficiency. The vocabulary size tests on the platform are classified into different levels according to the difficulty. To ensure that subjects' vocabulary size was almost at the same level, they were asked to complete the vocabulary size test on a mobile application Shanbay and were required to attain the basic level of vocabulary size (≥4500 words).
Selection of Listening Texts
Five listening passages were selected from College English Test-Band 4 (CET-4), consisting of short stories, narratives and short essays. Moreover, to ensure that the five passages were of the same difficulty, 5 English majors were asked to rate the degree of difficulty of each passage on a scale from 1 to 5 in terms of the content, background knowledge as well as theme popularity. Number 1 was defined as "completely incomprehensible" and Number 5 as "completely comprehensible". If one passage was rated more difficult than others, it would be replaced by another passage with the similar difficulty to the other four. Finally, all the five passages were rated from 4.2 to 4.8 and assumed easy for participants to comprehend.
Manipulation of Five Passages
Next, the vocabulary in the passages, the 16 questions and the corresponding multiple choices were manipulated based on Jinba [5] so that each passage had a particular density of unknown words: 0%, 5%, 10% and 15% (0% means all five passages in this edition are adapted to be with 0% unknown words). According to Wang, manipulation can be conducted in the following two ways. The first way to adapt passages is to replace higher-level words with lower-level words. When adapting an easy edition to a more difficult edition, some basic words are replaced by some more advanced words. To sum up, there were 1786 words in original edition which involved the directions, the five passages, 16 questions and their 64 multiple choices. Seven people names and brand names were not included in the scope of unknown words.
Recording
The listening material was read by an excellent student who has gained 7 in the oral test of IELTS and speaks English just like a native speaker.
The multiple choices of 16 questions were printed on the answer paper and not recorded into the audio material. Direction, texts of five passages and 16 questions were recorded with Apple I-phone 6S. Statistics of each edition recording are shown in Table 1 . 
Procedure
This listening test was performed in four well-equipped language laboratories. Before the test, every subject was given two minutes to go through the direction and all the multiple choices on the answer sheet. Then the audio material with the corresponding density of unknown words would be given to the subject. The subject would be scored 1 when they correctly answered this question and would get zero if not. The answer paper would be collected as soon as the test ended. On average there were 15 of sixty subjects for each edition of listening test.
Results and Discussion
Descriptive Statistics
The data collected in these listening tests was analyzed to find the influence of the density of unknown words on listening comprehension. Scores on the four editions of listening test is shown in Table 2 . In the edition with 0% unknown words, the majority (14/15, 93 percent) of the participants achieved a high score of 12 or more with mean score 13.06(SD=0.88). This indicates that 100 percent lexical coverage enabled most participants to fully comprehend the factual information in the passages. Then, for the 5% density, only 2 out of 15 participants (13 percent) were able to reach the high score of 13 or more with mean score 11.20 (SD=1.42). Next, 10% unknown words shows a further decrease with a mean score of 9.80 and only 1 out of 15 participants gained the high score of 13(6.7%). The standard deviation ascending to 1.82 suggests that participants' comprehension varied much greater than that with 5% unknown words. Last, the mean comprehension score dropped to 6.20 in the listening test with 15% unknown words. No participant in 15 participants achieved 13 with the maximum score 10. It is obvious that participants were unable to gain adequate comprehension of the listening text with 15% unknown words.
The Relationship between Lexical Knowledge and Listening Comprehension
We made a regression analysis on the relationship between mean comprehension scores and UWD in the listening texts with SPSS 16.0. The result is shown in Figure 1 below. As is shown in Figure 1 , it is evident that comprehension scores are negatively correlated with UWD in the listening texts. What's more, this correlation is fairly strong with R square of 0.956. The results clearly demonstrate that lexical knowledge contributes a lot to listening comprehension in Chinese English learners. This is similar to findings by Jin-ba [5] on reading. In our study, comprehension of spoken passage with 0 percent unknown words is significantly better than that of the passages with other densities. Although intermediate learners could generally understand the passages well (approximately 70% and 60%) at the other two densities (5% and 10%), optimal comprehension (85%) required 0% percent unknown words below which the comprehension dropped significantly and continuously. For example, the 10 percent UWD passages have a bigger standard deviation than the 5 percent UWD passages. A bigger standard deviation indicates that there is more variation in comprehension of this edition. However, a large number of participants could still comprehend the passage well with 10% percent UWD. This variation and fluctuation in scores indicates that some non-English majors seem to cope better with unknown vocabulary than others. This pattern is similar to that of Bonk's [7] , which also concluded that most learners seemed to need very high lexical familiarity for good comprehension.
The UWD Threshold
From Figure 1 , although the mean comprehension score decreases greatly when the UWD rises, the figures above still suggests that non-English majors could comprehend the passages quite well (approximately 70%) if as much as 5 percent of the words were unknown. So what is the density of unknown words threshold for adequate listening comprehension?
In this negative correlation, a linear equation "y=-43.96x+13.362" can be gained when the four spots standing for results of four editions of listening tests are connected to draw a tendency line. In consequence, if the target comprehension score of 12 out of 16 is to be defined as y as the standard of adequate comprehension (approximately 80%) of listening texts, the density of unknown words (x) is expected to be below 3 percent. In other words, adequate listening comprehension can be achieved when the UWD threshold is 3 percent. Our result doesn't seem to be in accordance with that of Zeeland & Schmitt [9] . It is possibly because their subjects were quite varied in terms of ages and learning backgrounds while our study is more confined to a specific L2 learner group with an intermediate L2 proficiency level.
Jinba [5] pointed out that around 2 percent unknown words in a text were proper for English major students to gain adequate reading comprehension. The reason why the UWD threshold in our survey is higher may be due to the basic cognitive difference between listening and reading. Reves & Levine [11] interpreted that readers relied more on linguistic information (i.e. vocabulary) from the text while listeners may focus less on vocabulary because of the fleeting nature of spoken discourse. Therefore, the distinctive processing process of listening, involving strategies, the rules of arranging sound and rhythm as well as visual input(choices of questions), makes it reasonable that a higher UWD threshold is allowed for adequate listening comprehension than for reading comprehension.
Conclusion
Findings of this research are constructive for both L2 learning and teaching in the context of Chinese universities and colleges. First, they can provide a reference of UWD for college English teachers when they select appropriate listening training materials for intermediate English learners. Second, students are suggested to enlarge both the vocabulary depth and width for listening improvement. Thirdly, attention should also be paid to current hotspots with low-frequency vocabulary which might entail puzzles for listening comprehension. The major limitation to be considered is that our text types of listening passages failed to be controlled for. Another limitation is the relatively rough assessment of vocabulary size through a mobile application software Shanbay rather than a standardized vocabulary test such as Cambridge Certificate of Proficiency in English. Hopefully these factors need to be considered and explored in the future study.
